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APPARATUS AND METHOD FOR FIXATION 
OF OSTEOPOROTIC BONE 

This invention relates to a novel surgical apparatus for use in osteoplasty and 
other methods of injecting materials into a subject for medical purposes. Particularly, 
the present invention relates to the surgical treatment of traumatic, pathogenic, or 
osteoporotic bone conditions of the human and other animal body systems and more 
particularly, to a novel apparatus and method for injection of a material into a lesion 
of a vertebral body or other bony structure. 


BACKGROUND 
Lesions within the bone can result from osteoporosis, tumor, or other 
pathogenic causes. . Most common among the elderly population is the degenerative 
effect of osteoporosis, particularly the female elderly. Osteoporosis is mediated at 

15 least in part by genetic defects and a fall in circulating estrogen levels. Although 
calcium replacement therapy can have some beneficial effects, the larger doses of 
calcium involved have other less helpful consequences and accordingly, the prognosis 
for those with bone demineralization is not particularly good. Of great concern is the 
fact that every year in the Uni ted States there occurs approximately 1 2 million bone 

20 failures due to osteoporosis. Vertebral compression failures are a" major orthopedic 
health concern of the elderly due to the long term debilitating nature of the injury. 

Historically, osteoporotic vertebral body compression failures have been 
treated with bed rest, analgesics, and intravenous hydration during the first week after 
onset of the problem. These steps are followed by the prescription of a soft or firm 

25 spinal corset, depending upon the physician's preference. In most cases the corset is 
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not worn because the paiicni suffers much discomfort and oftentimes greater 
& S comrortrhzn±a<hiciorhcM™ot±cv*t*ri*riy. m any case, (his 
conventional approach required extensive hospitalization and bed rest, which often ^ 
results in very limited success, chronic pain, and further osteoporosis with worsening ' 

5 conditions of the vertebral body. The costs associated with such extended 

hospitalization and the negative effect on the general health of the patient from such 
prolonged inactivity should be avoided if possible. 

traditional surgical techniques employed to alleviate vertebral compression 
failures can involve major invasive surgical techniques with all of the possible 

10 negative consequences. Such techniques have typically required prolonged patient 
recuperation and unfortunately have met with limited success in alleviating pain and 

returning the patient to a normal life style. 

More recently efforts have been made to develop surgical techniques for repair 
of vertebral compression failures of osteoporotic bone by using conventional 
15 instruments in a transpedicular approach to penetrate the vertebral body, including a 
standard syringe, and then inject a flowable synthetic bone material or bone cement 
directly into the vertebral body through the syringe. This technique of vertebroplasty 
requires that the physician take the utmost care to avoid damage to the spinal cord 

whendrillrngtr^ugh^ 

20 avoid potentially catastrophic results physiciaiis practicing conventional 

vertebroplasty'require the* use of CAT scanning, biplane fluoroscopy, magnetic 
resonance imaging, or other imaging devices to ensure the proper alignment of the 
instruments, which bore through and are passed through me itarrow petfcle. The 
availability of CAT scanning or sophisticated biplane fluoroscopy in surgical 

25 procedures is limited due to the additional cost associated with equipping surgical 
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suites with the necessaryequipment. Further, to protect against accidental damage to 
the spinal cord during, the conventional transpedicular approach to the vertebral body, 
the patient is typically placed in a regaining device and stereotaxic procedures are 
used to guide &e physic^^.driU and cannula through the pedicle. Due to the 

5 extraordinarycare and i*casion required m conventional vertebroplasty, the time 
needed to complete the surgery and the cost associated with the procedure can be 
extensive. Further, general anesthetic is not recommended due to the close proximity 
of the physidan'sjnstnunents to the spinal cord and the associated. need to 
communicate with the patient This requirement, however, alscrcauses-concem of 

10 ' movement of the padent.during the surgery, movement which could have serious 
consequences should the spinal cord be damaged as a result. Scholten et al. in U.S. 
Patents 4,969,888 and 5,108,404 teaches the conventional surgical technique of 
vertebroplasty with the additional step of employing a balloon as an expansion device 
within the body of the vertebrae tp compact the osteoporotic cancellous bone away 

15 from the center and against the walls of the vertebral body. This additional step to 
conventional vertebroplasty, taught by Scholten et al., is intended to provide 
additional space within the vertebral body to accept the Oowable bone cement through 
the needle (syringe). While the conventional vertebroplasty technique using 
conventional surgical apparatus has the distinct disadvantage of drilling through the 

20 pedicle with the potential risk. of . damage to the spinal column, this additional balloon 
expander employed in the process of Scholten et al., provides an additional 
disadvantage by compressing the naturally present internal matrix of the osteoporotic 
vertebra against the wall of the vertebral body. Absent this natural matrix, the 
injection of bone cement into the cavity created by the compressing step results in the 

25 formation of an unstructured bolus of bone cement in the center of the vertebral body. 
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_ . • h -< a result fines the walls of 
Bccauscofthecompresrionofcancdlousboncwhichasaresutt 

... ,_ filMd int0 the vertebral body does not make 
toe vertebra, the bone cement which is mfused into id 

. . . , tm¥t ■ur-i wall thus resulting in a potentially 
a strong, ^bonding contact with the vertebral wall, tnus 

weaker post-surgery vertebral body. 

. ^.M—^-*--* to,™*'*"*'*"'*™*'* 

... . ■ f _ faster procedure that ultimately 
associated instrumentation which provide a safer, faster p 

• — -v«i hodv wherein the injected material 
jesults in a repair to the osteoporotic vertebral body wtier 

^ , method of percutaneous bone failure fixation, 
invention provides an apparatus and a method ot perc 

which satisfies these needs. 
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SUMMARY OFTHE INVENTION 

f,h, nr^ent mvendon can be generally used to 
The process and apparatus of the present inven 

v » v™. «re susceptible w compression More - 
mjeedng materials into tones which have or are suscep 

20 one^onswi* cancel hone, r 

«^^^-»^*•*^* i, *• ,i ■ ,-,0,, * 

condition, or «uma. The invendc is ^ *<~ * * 
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wide variety of osteoplasty procedures, such as, 6flures or lesions m oones 

throughout the body. , 

An object of the present invention is to provide an apparatus, which is useful 
for the surgical procedure of safely introducing ^material into a lesion or space within 

5 or around a bone or tissue. 

Another object of the present invention is to provide a surgical method for 
safely introducing an injectable material into a lesion or space within or around abone 

or tissue. 

More particularly, it is an object of the present invention to provide an 
10 apparatus, which is sized and configured to safely contact or breach the corneal bone 
and establish an introducing chaiuiel.^^ 

bone into the cancellous bone through which a material can be introduced. Tbe 
material introduced into the interior of the bone can be anybiocompanble or 
therapeutic materials, such as, for example, antibiotics, whole cellular implants, 

15 natural products of cells, recombinant nucleic products, protein products of 

recombinant cells, allograft or autograft bone, bone cement products as are well 
known in the art (such as polymethylmethacrylate and the like), or any other flowable 
material useful for therapeutic, prosthetic, or bone strengthening purposes. 

Another object of the present invention to provide an apparatus, which is sized 

20 and configured to be used by a physician to safely introduce a material into the 
cancellous bone of a vertebral body.. In the surgical procedure of tbepresent 
invention the apparatus can introduced by direct vision, open or percutaneously. 
laproscopicaUy, thorascopically, or by open surgical procedures. The apparatus can 
be introduced into the vertebral body by a variety of approaches, to include, for 

25 example, postero-lateral and lateral and/or bilateral percutaneous approaches and a 
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pedicular approach. Such introduclion of the apparatus can be accc^mhshed 
with or without the conventional requirement for CAT scanning or sophisticated 
biplane fluoroscopy and further can be performed safely usmg g^^ 
anesthetic No irrigation evacuation^ ^ 

for the successful use of the apparatus to introduce the material into the interior of the 
vertebral body. 

Additionally, an object ofWpresent Mention is to provide a mod^ 
finder, which facilitates the placement of an instrument for penetrating the pedicle of 
a vertebra. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
. The bventioh winnow be d^ 
reference to the accompanying drawings. 

FIG. 1 is an isometric view of *^ **; 

15 apparatus of the present invention. 

FIG. 2 is an isometric view of the assembled Guide wire and Aligning 

Cannulae of the present invention. 

FIG. 3 is an isometric view ofthe assembled Delivery, cannulae and Plunger of 


20 


the present invention. 

FiG. 4 depicts the present invention equipped.wiA an.optional syringe system. 

FIG. 5 is a depiction of a guide wire that can be used in the present invention 
having a Luer lock for providing a fluid tight attachment to an infusion device or. 


syringe. 


6 


wooo/srcos pcr/usoa/owo 

FIG. 6 is a depiction of a delivery cannulae that can be used in the present . , 
invention, which is configured to be capable of rcc^^sMc^^nm , 
FIG. 5. 

FIG. 7 is a depiction of the assembled guide wire and delivery cannulae shown , • 

5 inFIGs.5and6. 

HG. 8 is a depiction of a handle corrf^^ , , . , 

auachment to the Luer lock of the guide wire shown in HG. 5 or the cannulae shown 

in FIG. 6. 

FIG'S- 9A-C are detail views of the handle shown in FIG. 8. 
,0 FIG. 9D is a depiction of an embodiment of the handle shown in FIG. 8 which is 
- configured with a removable proximal^ 

: of the guide wire for ease in movement insertion, and extraction from the delivery 
cannulae. FIG. 9E-F shows examples of some of the alternative end attachments, , 
• wfcchcanbeemployedw^ 
15 cannulated T-handle which can be used with the present invention. FIG. 91 is a partial 
sectional view of an alternative embodim^ . 
handle having a removable proximal end, which acts an extended impact surface. 

FIG's. 10A-B are cross-sectional side (10A) and end (10B) views of the. 
plunger shown in FIG . 10C, which can be used with the apparatus of the present 
20 invention. FIG. 10C is a depiction of the plunger assembly, which includes the , 
handle shown in FIG's. 10A-B. FIGS. 10D-J are various views of an alternative 
embodiment of a plunger.that can be used with an embodiment of the present 
invention employing a threaded plunger and cannulae. 

FIG. 1 1 A is a depiction of a hand operated plunger actuator which can be used 
25 wim me apparatus of the present invention. FIG. 1 IB is a depiction of a type of 
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• - for use in the metnoa ox me present 

syringe which cm be used to contain * material for use 

acruators. to^^**^*^^*""** 

^ecdon down ,o 1 ccof material per squeeze by the operator. FIGS. UC-Eare 

dcpicn onsofana^ 

rooretha nonematerial for simultaneous or secuendal injection in the method of the 

present invention. 

FIG. 12A is a depiction of an application of the method of the present 

. rrtr H^Hverv of a material into the bone 
invention, which employs a flexible cannula, for dehvery 

mate rid of ajoint, such as, for example into the acetabulum. 

: FIG. 12B is an enlarged cross-secuona! depicdor. of .he flex*!, cannulae 

^flexible cannula.. Thep.unser.ecHno^^c.edinFiG. 10 — ... 

• r,~i ;mnact forceps, which can be used with the 
FIG's. 13A-B.show a specialized impact torccps, 

• r „^,„. of facilitating the entry of the device into 
device of the present invention for purpose oftaciina g 

the bone. . . • . 

FIG. H and FIG. 15 are depictions of a conventional prior an rnerhod of 

15 penerration of .he vertebra, body using a oanspedicular approach. 

. F,G. 16 U a depiction of .he apparatus of <h. pMl invention positioned 

r _-*,«lhodv during operation of the method of the 
relative to a sectional view of a vertebral body aurms v 

preferred embodiment of the present invention. 
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FIG. 1 7 is a depiction of a first alternative embodiment of the mtthod of the 
present invention showing a bilateral approach to the vertefcfa. Such a bilateral ' 
approach would preferably be done in order of first one side and then the other, 
although the figure depicts both steps simultaneously. 
5 FIG. 18 is a depiction of a second alternative embodiment of the method of the 

present invention in which the cancellous bone is penetrated with minimal disruption- .. 
of the cancellous bone to permit more extensive infusion of the injectable material. 

DETAILED DESCRIPTION 
10 The apparatus and method of the present invention can be adapted for use in 

the introduction of any material into any bone that contains a lesion of sufficient 
porosity to accept the materials. The employment of the apparatus and surgical 
procedure of the present invention in vertebroplasty; particularly to t&t vertebral 
compression failures which result from osteoporotic conditions is herein described 
15 below as illustrative of the present invention. 

• The following description of the device of the present invention relates to - 
FIG'S. 1-3. The apparatus of the present invention is an intraosseous injection device 
generally shown at 1 . One object of the present invention is to use the injection 
device 1 in a surgical procedure for the safe, effective introduction of materials into a 
- 20 lesion within a bone, whereby the procedure includes the introduction of a first guide 
wire 2 having a tapered end 4 for effectively breaching the diense compact bone, for 
example, the cortical bone of the vertebra. An aligning cannulae 6 is configured and 
sized to easily pass over the first guide wire 2 and when passed down the shaft of the 
guide wire 2 serves as a soft tissue protective sleeve from the point of entry of the 
25 apparatus into the body to the contact point at the exterior surface of the bone being 
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the aligning «-*.«.)-. ««-» •■»" - ~*" 

» MM- MA -* » 1KOTd - 4 10 "*!* ° POTi0 ° " f 

fcsnmsent is brought into contact will, the bone bong trawl 

A deiivery cannulae 12. which is sized ****** » »•= «« the 
j is inserted over the I** — *• « •» »■*- 

conduit 14 through which the inject material caobe produced into the 
bonebeing Md. .The delivery cannula. B is configured « the Ufeqr 
distal end 16 to have a securing edge 18 which serves to hoid the deliver, cannulae 12 
j» place on the outer surface ofthe bonebeing treated. The delivery cannulae 

. . . • . nr , h _ delivery cannulae 12 over the aligning 
member 24 can be used for insertion of the delivery c 

of the deBvery cannulae 12 Snnly into posidon on the outer surface of the bonebeing 

the delivery cannulae 12 from the surface of the bone prior to extracting the device 1 

wit, paduated .indicia 30 which provide depth of pene^don brforntadon during ^ 

20 insertion by the user. _ 

. , The gride wire 2 canbe provided with graduated guide wire indicia 26 which 

cxtendfroin the ^.^^^V^^^^'^' ^ 
guide we indicia 26 provides a means by which the user can easily determine the 
depth of insertion ofthe guide wire 2 into the patient during the surgical procedure of 
25 the present mvention. . 
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A plunger member 32 can be provided with an ergononiically confignrpd 
gripping member 34 at a first end which is used by the user to exert pressure on the 
plunger member 32 as it snuggly passes through the material conduit 14 . of the 
delivery cannulae 12. The second end of the plunger member 32 is configured to 
3 have a blunt smooth dp 36. The fit of the plunger member 32 withm me tMterial . 
conduit 14 of the delivery cannulae 12 is such that easy sUding engagement of the . 
plunger is permitted without allowing the passage of the injectable material 
proximaIlypastthebIuntsmoothtip36. Further, the plunger member 32 is sized 
diametrically to provide a fit within the material conduit 1 4 so as to permit the release 
10 of air proximally past the plunger while maintaining the PSI of the injected material 
. as the plunger forces the material distally through the outer cannulae and into the 
' subject; The user can, upon exertmg force d 
the plunger member 32 through the length of the material conduit 14 ofthe delivery . 
cannulae 12 and, in doing so, displace any preloaded injectable material om of the 
15 distal end ofthe material conduit 14. through thebreach formed by the tapered end 4 
ofthe guide wire 2 and into the interior ofthe bone being treated. 

Alternatively, the movement ofthe material through the material conduit 14 
and into the cancellous bone of the vertebrae could be accomplished by meansofa 
syringe system, generally shown in FIG 4, at 38. The syringe system, of the present 
20 invention can include a fluid connector 40, such as, for example, a conventional Luer 
lock, a bayonet fitting, a hydraulic quick disconnect fitting, or any other fluid tight 
fitting as is well known in the art The fluid connector 40 . which wouldbe attached 
to the delivery cannulae 12 and in fluid right communication with the material conduit 
14 can be attached directly to a syringe 42, to a syringe via a flexible conduit 44, or 
25 alternatively to an automated infusion device as is well know in the art (not shown). 
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^ 42 ». «r coronal » synnges bo. -i* W 

^ *p- S « 42b „ on mulcp.e «*> <bp 42c h isp.fen.d 

, • *o _ Th,. fluid connector 40 can be attached to the 
42b from an'adjacent annular ring 42c. The fluid connec 

, ,„ t>,^ deliver/ cannulae 12, which will 
any position or any angular arrangement to the delivery 

15 perrn* fluid flow th™^^ 

fctheprocessofthcpre^ 
such as bone cement, could be accomplished within the syringe system. 

■ A.other altemativemode.of operation would permit the movement of tne 

ptog^c^beautomatedbyatuchm^ 
20 mechanical servo mechanism which would be under control of me pby^cian. 

■:• Without departing from the concept of the present invention presented in 
Figures 1-4, alternative embodiments of the intraosseous injection device and 
puberal elements as sh^m FIG's. 5-12B c^ beprovided^ 
of the present invention. 
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As best shown in FIG- 5, a locking guide wire 46, having an attached 
longitudinany aligned male Luer lock 48 and female Luer lock 50 can be provided for 
we with a corresponding alternative delivery cannulae 52, thelocking guide wire 
having corresponding guide wire connectors 54. FIG. 7 shows the alternative delivery 
5 cannulae 52 assembled with the locking guide wire 46. FIG. 8 shows a locking guide 
wire handle 56, which can be secured to thelocking guide wire by the Luer lock 48. 

As best shown in FIG's. 9A-C, the locking guide wire handle 56 defines a 
longitudinal lumen 58, which is sized and configured to permit passage of the locking 
guide wire 46 as well as the larger cross dimension diameter of the delivery cannulae 
10 52. The guide wire handle 56 can be provided with a view slot 60, which maybe 
equipped with a magnifying or non-magnifying clear cover (not shown). The viewing 
slot 60 is sized and configured in the guide wire handle 56 to permit the user to view 
the.graduated. guide wire indicia 26 during operation of the present invention. The 
ability to view the guide wire indicia 26 durmgopentionof*e present invention 
15 provides a safety feature, which permits the operator to know the depth of insertion of 
. the subsequent positioned rf^^ 
handle 56 can define a first clearance hole 62, which provides cross access to the 
longitudinal lumen 58 and has an orifice diameter sized and configured to correspond 
to the guide wire 46 and can be used to help drive the aligning cannulae into position. 
20 The guide wire handle 56 can be similarly configured to define a second clearance 
bole 66, which serves much the same function as the first clearance hole with the 
exception that the second clearance hole is sized and configured to assist in the 
insertion of the large delivery cannulae 52. The impact connector element 64 can be 
provided in cross-sectional diameters, which correspond to either the first clearance 
25 hole62orthesecondclearancehole66. The handle distal end 68 can be provided 
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, . rtV . : t ;< within the concept of the 
providing the handle connection described above, it « wi 

n n « n2 any known connection 
presmt invaition to provide the handle «-»«« IOT osms my 

n eaiB>chas>r example, other threaaraeo 

ciWecrioos, Kction connections, mi the «"«•. 

u—rio, with the attached guide wire handle 
„ T heloc&SS"M«»*' 4Su " :omb ° 110 ° 

Theadv^ususeof*.— e delivery cannnUe 52 tn 

. • „. miidance means such as fluoroscopy, 
guide wire 46 can be facilitated by usmg nnage guidance mean 

• «.t>,ods and the employment of registration 
CAT scan,MIUor the Iike. Stereotacuc methods and tne emp 

■a ^mracv in euide wire insertion when the 
diodes can also be employed to provide accuracy ui gui 

. . • ^^anv aooroach to the vertebral body, 
20 process of the invention is pracoced from any appro 

. ri _ , u . ^ 46 to perform a transpedicular approach to . 

. including the use of the locking guide wire «o y 

nf the oresent mvention to employ 
.h, vertebral body. It to also within the concept of the pres 

-■^^-^tew.rf^ta«r ,ta • r,, - fc * , ■ 

• • A S ^shownh,na 9 D.»e*^» taaim£n,0f,1,eP,ide,rae : 
25 1 andle56c ffl h.pr O v i d ei w i u 1 a re n,0«h.ep^a 1 a,d7 2 . Iherentovable 
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» « ; . v^le 56 can be releasably secured to 
movable proximal end 72 of.be guide wire handle can 

— !.-efcr*. connection means, such as, for. 
^ ^de wiretandlc 5S by my taovm tdodte 

* -.w a- alternative embodiment of the guide 
attachments which can be employed vnth the alternate . ^. 

c , rt hnn far the removable proximal, end 72 
^ handle shown m HG. 9D. Any configurataon for the rem 

_r ^ the user is within the concept of the present 
that provides a gripping surface for the user is w, 

v of the removable proximal end 72 are 

10 invention. Preferred alternate embodiments of the ^ 

, n , mn 9E) and the T-bandle form 78 (FIG. 
the sphoical or oval gripping surface 76 (FIG. 9E) an 

: • • ,„- th Ac m-esent invention includes the 
9F ). Alternative handles which can be used w,tb the pres 

. ™«e arv FIG 91 provides a partial sectional view 
cannulated T-bandle shown in FIGS. 9G-H. FIG. 

efoneen ibod^^ 

. .^cc which surrounds and protects the 
... member enables the user to attach an unpact surface which 

Rewire if tapacting^^ : 

,« 10A-C showdetailsof m ^^^^^-T.. 

■ • ^te 82 which f is secured by a removable lock pin 84 
have a removable gripping member 82, wnicn 

• _h CT The alternative plunger assembly 80 with the gripping 
20 or similar securing member. The aiterna v 

v fibred to an automated impelling means (not. shown) 
member 82 removed can be configured to an au 

> ^tt>,miioh the material conduit can be 
ptagcr assembly in moving the material through tne m 

•a « V i-r nrcssurizing the material into the 
25 automatically controlled by the user to avo.d over pressurizing 
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^ within the bone. Thep.«n*r « be m»nuf>e«r=d -» ■ *" 

^.niehianotremovabte. S o OTfigU r t 4,*«pta S «^^-- d>n '' 
be that of the «B«r descnWusitary ptaiger member 32. 

FIGS. 10W M» e*"*™** 

u^.f*p^^^■■^^ sf * l<,,,, "■''' 

through the device. FIGS. IQH-J depict alternative handles which can be used- with 

„ . . 82a can be used to provide ■ 

shown in FIGS. lOD-G, The swivel ball gripping member 

• t~i„ r,n« of the threaded plungers depicted in 
. ease ofmovement of the plunger, particularly one of tne h 

FIGS. 10D-G. " ... t . 

j i „-< a rtuator86,whichcanbeusedtp 
FIG 1 1 A shows a hand operated plunger, actuator ao, 

..^ u.u- material conduit 14 of the present 
IS assist in the impelling of the materia! through the material 

fcverfon. ^nB^^^^^^^^ " 
present invenOon. 

i-.-e the use of an intraosseous injection 
The present invention also contemplates the use or an 

-u~4 ,fiove with the alternative modification 
. device similar to the embodiments described above witn in 

•a- ~ ,inno the bore of the hnrien which can 
of providing lumens which incorporate nflmg along the bore 

w;«o the ease of material insertion and anowing the 
25 be of assistance to the user in enabling the ease 01 ui 
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iB „*cb^1i.«...^^^P ta ^^ ly32Or!0 ' nd,he " toOf ' 

^ ma ^iJlowed to pass away from the body around 
5 fluids within the material conduit H are aUoweoiop / . 

me plunger to freely escape. 

: ' • r, K- „ rM(m i invention to provide an intraosseous 

It is also within the concept of the present mvenuo v 

^ecdon device which h* *11M«. — * ^ ** *° 4y - 

to^ovAgfb.thepo^iH.yofn^of^con.pon^^e.hneof 

w ^cn.A.ul^aevicenasuch.^^-^.UC.E^h.^ 

^ wi* . sep^te phmger . ! fc U» ftr e«h feme* *, pta«« »*» 

byapplypressure.otheovemtogl^*"^^^ 8031181 ' - ■ 

- r,t,-mi.»hodofthe present invention, which 
FIG. 12A shows an application of the meJioa 01 uic p 

i «o r«r rfi-liverv of a material into the bone 
employs a flexible delivery cannulae 88 for delivery 

■• ■' - i th* acetabulum 90- A sealing washer 92 

material of a joint, such as, for example into the acetabulum , 

20 c^beprovidedto'^ 

of entry into the bone. FIG. mis^^^^^ • 
flexible cannulae shown in FIG.12A showing an exanmleofamechanism which can 

wire system 94, which employs at least two steering wires 96. one end of each 
25 steeringwirebemgatta^^ 
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4c other and the other end of the respective steering wires bong Attached in 
opposition one to the other to a rotary reel control 100 located adjacent to the Luer 
lock ofthe delivery cannulas The steering wire system 94 desofted herein and 
shown in HG. 12B is provided as an exampleof a steering system which can be used 
5 inthepresentinvenuon. It is, however, within the concept of the present invention to 
exiraloyanyofmeknownmeaiisofproducmgasteenblecath^ 

Also provided is a specialized impact forceps 102, as.shown m .FIG's. 13A-B. 
Tne specialized impact forceps can be used in conjunction with the device of the 
• present invention for purpose of ^i^the WofO-d^.i^ Iteboae. The 

art. A hinge membeir 104 connects the opposing halves 106a and 106b of the forceps 
aDowmgthehalves 106a and 106b to beciosed tightly toge^ A forceps lock 108 • 
allows the halves 106a and 106b to be locked into a closed position.. Unique to the 
specialized forceps of the present invention is a first groove 110 and a second groove 

closed and locked position, the first groove 1 10 is sized and configured to securely 
grasp the guide wire element 2, which is sized to fit the first clearance hole 62 of the 
guide wire handle. Tte second groove 112 is M***^*^™/-' 
an impact connector element 64. which is sized to fit the second clearance hole 66 of 

20 the guide wire handi;/^ 

configured to receive driving blows from an operator using a mallet, hammer, spring- 
loaded driver, or other impacting device . - In combination, the forceps 102 and the first 
clearancebole 62 can be used to facilitate driving.tbe guide wire 46 into position in 
.hebone. Simflarly, the Iforceps 102 and the second clearance hole 66 can be used to 

25 fealitate driving the delivery cannulae into position.. 
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1„ its most general tan. the surgical procrfurcofthc pnacat invention 
includes the step of the physician, by tactile sensation, recogmzing the appropriate 
back-pressure on the plunger gripping member and hereafter ceasing the manual 
toroducri^ 

scope of *e present mvention to provide a backpressure sensor attached to the device 
! such that when the preselected back-pressure on the plunger member is reached, the 
physician is appW of me rifuation and introduction of material can be discontinued. 
* « further, within the scope of the present mvention for the alternative embodiment 
which provides for automatic infusion of the biomaterial through the device 1. to 
provide a processor which receives a back-pressure signal at a preselected back- 

• — ,mt-«frsiCTa] to the automatic infusion 
pressure and in turn transmits a pressure cut-on signal « >" 

system. 

The injection device of the present mvention can be fabricated from any of a 
variety of materials, which are compatible for use as surgical instruments. Examples 
ofsuch materials include metallic materials and non-metalHc materials, which are 
suitable for use in surgical instrument manufacturing processes. Metallic materials 
canmclude^^ 

anodized aluminum and alloys thereof, and titanium and alloys thereof to include 
nickel-titamum.' Non-metallic materials can include, for «ample, thermoplastics, 
ceramic materials, carbon fiber materials, composite. materials, andthelike. 

It is with* me scope of the present invention to provide a kit, which includes 
me injection device disclosed above. The kit could also include some or all of the 
alternative features discussed herein, to include the injectable material. Such a kit 
could be provided in an appropriate packaging, which could be designed for 
autoclaving or other means of sterilization. 
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.pproacb to the vertebral body, ims 

or local anesthetic. — 

• ononis the ability to perform the surgical 
taporumt feature ofthe present mvenoonts the ae ry y . .. . 

• , lot-ml anoroach in addition to the 
^urepercutaneouslybyapostenorWappro ...... ^ 

% ch The use of a pbsterio-lateral approach is preferred over the 
transpedicular approach. The use 01 a p 

miicklv effectively and, most > 

10 transp . ^ Aroo lasty without bringing any instruments within 

■ nnportantly. safely perform a vertebroplastywitn . .. . 

. , - Amatively the method ofthe present invention 
close proximity to the spinal cord. Alternatively, 

, ^hvitii the limited bone penetration 
can be performed using a transpedicular approach . 

r*- nrssent invention providing unproved 
and accuracy of employment aspects of the present » _ 

l5 safety" over conventional transprficuiar approaches. 

-- . .., ^ted to be performed on any vertebrae 

The surgical r^cednre is also easily adapted to be p 

,. nr mansion of applicability over the 

convention methods used. - i .j-... • 

' • • t ..- WT , «hown to be useful infixing vertebral 
Additionally, the procedure has been shown to . .., 

20 bomeswmchhavetimiorstomeextentmatthetum. 

,.~*0hr*e Unlike conventional 
wire 2 through the compact bone of the vertebrae. U 

, v'eh reouires CAT scanning to precisely control drilling using a 
vertebroplasty, which requires CAi scan* * 

Amarfi the pedicle (see TIG'S 14 and 15), the 
25 conventional vertebroplasty apparatus through the p 
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« • . ™a more Quickly accomplished being aided 
p^timeadon can be more effioently. and more q» Y ' 

in FIG 14 shows the angle relative to the spinal 

only by the use of fluoroscopy. FWj- i«» 

u the conventional vertebroplasty apparatus 

column for transpedicular approaches using the conv 

. into me cancellous bone of the 

^t,c-11ous bone of the vertebra 
corneal bone of me vertebral body, results m the canc-flous 

, . ^--dicular approach of the present invention 
being left in tact. In the alternate transpedicular app 

u ;« «milar to conventiooal methods, however, the 
the transpedicular approach angle is smular to co 

r .u- «marams of the present invention 
16 improved control of depth of penetration of the apparatus 

. safety over conventional apparatus 

provides greater accuracy and therefore greater safety 

V '"-",1,,. »rt as evidenced by the discussion in Gray s 
and methods. It is well known m the art, as evioen 

^ anils- through and penetrates well mto 

15 located within. Conventional vertebroplasty drills thro gn 

\ , rrr 15^ thus severely, disrupting the natural 
the cancellous bone of the vertebrae (see FIG, ID), thus 

' ir, the oreferred embodiment of the 

internal reinforcing structure of the vertebn, In the pre! 

: \ ♦ ^vrrate throueh the cancellous bone and 
present invention the guide wire 2 does not penetrate thro > 

"* M h«nilae of the cancellous bone.. The result 
therefore does not radically disrupt the trabecule 

. • a ^fhmuBfa the material conduit 14 of the 
20 isthatwbenthebonecementismtroducedthrougbth 

. ^-.iwnorous configuration of the intact 
deliverycannulaenjtflowsmtomenaturallyporousco gura 

r ^^lactnc the natural internal 
««dk». bone tta taking advantage ot no. replacutg. 

^tnngtBbecuHesmictureoflhcvert*"- - 

25 
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one side to fully support the Med vertebra. 


structure of the cancellous bone of the 


10 


desires, to substantially fill all of the porous 
vertebra. 

de.W^^a^^.o^^nousWpordonofth.vcr,^ A,. 

« ***** p™^ OTOfvertebral ; 

^easuretbacouid conceivable feF*-.-**-* - 

bring atmndy Beery to suffer v«*nl compression Mures. 


22 


WO 00/54705 
What we claim is: 


FCT7US0O/06643 


1. An injection device comprising: 

., , and configured to slidably pass 

, elongated plunger, said plunger bong sized ana conngu, 


an < 


through said lumen; 

2 M iration device according* c^^^ 

m Conga^d guide -U snde wire having .««-* — -* 

„„, said raccr hcing capaoie of kd, ?ni<a. bone * . *. • *— 

through said cortical bone; and 

. aBgnin* cannula* having a gripping end and a taper* end, said aligning 

^aeveing sized ^^^y^^™^™^ 
™« and said delivery cannulae being sized and configured . slidabty pass 

cncranferenrjally over said aligning canmilae. 
graduated indicia on said guide wire body. 
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comprise, graduated Midi «■ »<• elnimlaeiody- 
j An tajecn^ device accord^ 

joint axially aligned with said plunger- 

wherein said second end said guide 

6. An injection device according to claim 2, wnerona 

wire comprises a gripping member. 

7. An injection device according to claim ^ ^^ ^^^^ ca ™^ ae 
comprises a textured surface on said blunt end: 

. .■• ^ , 5 wnerein said delivery eanmtlae 

8. An injection device according lo claim 2, wnereio 

comprises a securing edge on said distal end. 

connect to said delivery can,nUe and m fluid communication witn said deliver, 
. eannulae lumen. 
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poop consisting of a Luff leek, » bayonet fitting, and a hydraulic quick disconnect 
fitting. 

^ ^ proximal end of said denvery cannula, and is aBgned wimthe .ongimdinal 
axis of said delivery cannulae body. 

,3. An injection device acconiing to data .10. wherein said syringe system is 
connected to said delivery cannolae by a flexible conduit. 

j- . „t i wherein said guide wire comprises 
14. An injection device according to claim 2, wherein 

an attached longitudinally aligned a Luer lock connector. 


15 . An injection device according to claim 1 4, wherein said handle comprises a 
L ue r lock configured to releasably engage said Luer lock connector of said guide 
^ said handle Jurther comprising a longitudinally aligned lumen opening at each 
end of said handle. 


16 . An inj^on device acconiing to claim 1 1. wherein said connect of said 
.efiverycannulae isaUer tack and said handle comprises a Lner lock configured » 
rdeasably engage said Uer took connector of said delWeryeannute said handle 
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delivery canhulac. 

##% ^«nl6 wherein said handle further 
17 ^ injection device according to claim 16, wnerem 

^^^^^^'^'^ 

s„u T,«n Z sized and configured to slidably receive 
■ handle lumen, said first clearance hole being size* 

said guide wire. 

^\iu;m 18 wherein said handle further 
I* An injection device according to claim 18, wnerem 

. • ^..oh said handle perpendicular to said 
comprises a second clearance hole passu* through sa,d han perp _ 

t u^ a d^ed and configured to shdably 
handlelumen.saidsecondclearanceholebemgs^edand gurcu 

receive said aligning caimulae. 

• ■ ■ ' , t f. wherein said handle further 
20. An injection device according to clann 16, wherem *ua 

comprises a removable proximal Luer lock end. 
comprises an automated impelling unit - *. . . . 

of said syringe system. 
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.. . . ■ ^ wherein said automated impelling 

23. An injection device according to claim 22, wnerem w 

mil further comprises a pressure sensing unit 

,„ „i,;m o wherein said device is formed of 

24. An injection device according to claim 2, wnerem » . , 

• • steel. anodi2ed aluminum* 

aaterials selected from (he group consisting of stainless steel, 

thermoplastics and glass. , . . . 

,„j,: m 9 wherein said delivery cannulae 

25. An injection device according to claim 2, wnerem 

lumen comprises multiple lumens. 

26. An injection device according to claim l. fiirmer comprising! 
anelongatedgmMewire.saidgmdew^ 

c^ectedbyaelongated guide wirebody, and rf^-b^-d*-*** 

^.saidtaperbemgcapableofb^^^ 

^ghsaidcoxdcalc^ 

sHdably pass circuraferentially over said guide wire. 

27 Aninjecnondevicemcombination^ 

anelongatedgridewir^^ 
connectedbyaelongated guide wirebody. and said first end being configured with a 

taper.saidtaperbemgcapableofbreachmgco^ 

through said cortical bone; 
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an aligning cannulae having a gripping end and a tapered end, said aligning 
cannulae being sized and configured to slidably pass drcumfcreutially over said guide 
wire; 

a delivery cannulae having a proximal end and a distal end, which arc 
connected by a cannulae body, and a lumen capable of acting as a material conduit, 
said lumen passing fin said end ^« «^ 

cannulae being sized and configured to slidably pass circumferentially over said ... 
aligning cannulae; 

an elongated plunger, said plunger being sized and configured to slidably pass 

through said lumen; 

a removable handle configured for secure attachment to said proximal end of 
said delivery cannulae, said delivery cannulae being equipped with a handle retention 
member integrally formed in said proximal end of said de^ 

an injectable material provided to said lumen of said delivery cannulae, said 
injectable material being of a consistency such that upon controlled movement of said 
' plunger, said injectable material will flow through said lumen. 

28. An injection device according to claim 25, wherein said injectable material is 
selected from the group consisting of bone ce^ . 
natural products of cells recombinant nucleic acid products, protein products of 

recombinant cells. 

29. An intraosseous injection device comprising: 

an elongated guide wire, said guide wire having a first end and a second end 
connected by a elongated guide wire body, and said first end being configured with a 
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^ aid taper being capable of breaching cortical bone sufficient to form rcfand 
toough said cortical bone; 

being Zi Z confix . sHdablyp^ aZmt^y™ ****** 

wire; 

a delivery cannulae 'bring a proximal end and a distal end; which are 
connected by a cannulae body, and a lumen capable ofactbg a. a material conduit, 
said lumen passing from said proximal end through said distal end. said delivery 
cannulae being sized and configured to slidablypass ciroimferentiaUy over said 

aligning cannulae; 

an elongated plunger, said plungerbeing^ 

through said lumen; 

a removable handle configured for secure attachment to said proximal end of 
said delivery cannulae. said delivery cannulae being equipped with a handle retention 
member integrally formed in said proximal end of said delivery cannulae. 


30. 


. method of introducing an injectable material into a subject; the method 


comprising: . . 

introducing a delivery cannulae to a delivery site of a subject, wherein said 

delivery site is within a bone or adjacent to a bone; and 

inserting material through said delivery cannulae into said delivery site, 
wherein said inserting step is accomplished by activation of a plunger being moved 

within said delivery cannulae. 
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31. A method of introducing an injectable material into a subject, the method 
comprising? 

introducing a guide wire through the cortical bone of a subject; 
. introducing a delivery cannulae, circumferentiaily over said guide wire until 
said delivery carmulae contacts said cortical bone, said delivery cannulae having a 
lumen extending the length of said delivery cannulae; 

removing said guide wire from the subject; 

infusing an injectable material into said lumen; and 

infusing said injectable material into the bone of said subject by movement of 
a plunger within said lumen, said plunger being sized and configured to force said ; 
injectable material through said lumen while /permitting air from with said lumen to 
escape proximally past said plunger. 

32. A method of introducing an injectable material into a subject, the method 
comprising: .. 

introducing a guide wire through the cortical bone of a subject; 

introducing an aligning cannulae circumferentiaily over said guide wire until 
said aligning cannulae contacts said cortical bone; 

introducing a delivery cannulae having a lumen circumferentiaily over said 
ahgning cannulae until said delivery cannulae contacts said cortical bone; 

removing said guide wire and said aligning cannulae from the subject; 

mfusing an injectable material into said lumen, and infusing said injectable 
material into the bone of said subject by movement of a plunger, said plunger being ' 
sized and configured to force said injectable material through said lumen of said 
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delivery cannulae while permitting air from with said lumen to escape proximallypast 
said plunger. 

33. A method according to claim 31, wherein said guide wire introducing step is- 
mto the body of a vertebra of the subject via an approach selected from the group 
consisting of postero-lateral approach, unilateral approach, bilateral approach and 
lateral intracortical bone penetration approach. 

34. A method according to claim 3 1 , wherein said guide wire introducing step is 
into the body of a vertebra of the subject via a transpedicular approach. 

35. A kit for introducing an injectable material into a subject, the kit comprising: 
an injection device according to claim 1; and 

an injectable material selected from the group consisting of bone cement, 
antibiotics, whole cellular implants, natural products of cells, recombinant nucleic 
products and protein products of recombinant cells. 

36. A fct according to ciaim 34, wte 

polymethylmethacrylate. " • 

.37. A kit according to claim 34 further comprising: ■<■■; 

a syringe for connection to said injection device; and 

a container for enclosing said kit, said container being packaged for sterile 
delivery and suitable for off-the-shelf use. 
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